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Because of the difficulties iii differentiating between experimental contact
sensitization and primary irritation of animals, efforts should he made to find
a sensitizer which is not an irritant. With such a tool, perhaps greater strides
in the understanding of cutaneous and other allergies can he achieved.
Dinitrochlorobenzene used so often in experimental studies, has been reported
to be a sensitizer, hut in proper concentration is also a primary irritant to the
skin of guinea-pigs (1). Landsteiner and Jacobs (2) mentioned the irritating
property of this and other chemicals which have been nsed as sensitizers but
they noted that the dye, paraphcnylcnediamine, an excellent sensitizer, had
little effect on the skin of normal animals.
Much of the information concerning sensitization to paraphenylenediamine
has been due to the very significant contributions of Mayer. In 1928, he (3)
found that a patient sensitive to paraphenylenediamine gave positive patch
tests also to various aminophcnols, quinone, quinonediimine and to quinone-
dichlorimine. His patient had negative tests to the salts of paraphenylencdiamine
and of the aminophcnols. He postulated that paraphenylenediamine was easily
oxidized into colorless quinonediimine which combined with an unoxidized
amine to form a dark-colored quinhydrone. He thus theorized that the oxidative
products or quinone derivatives of paraphcnylenediaminc and its related amino-
phenols were the actual sensitizing agents.
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Mayer later succeeded in sensitizing guinea-pigs to 10% paraphenylene-
diamine in petrolatum with daily applications; an inflammatory reaction was
noted on the third or fourth day. A challenging application several weeks later
resulted in an inflammatory reaction within 12—24 hours. Histologically there
were acanthosis, spongiosis, epidermal bullae and abscesses, exocytosis, dis-
solution of the epidermal-dermal border and a dermal infiltrate especially of
polynuclear cells. He (5) later repeated animal sensitization with 10% paraphenyl-
enediamine ointment and challenged with 0.5 % solution injected intradermally.
His explanation (6, 7) of the great capability of sensitization by aromatic amines
and azo dyes was that they are oxidized into quinonediimines and quinone
imines. These, especially quinonediimine, become attached to proteins, particu-
larly those rich in sulfhydryl groups.
Graul (8) stated that biocatalyzers with sulfhydryl groups present in the
epidermis were essential for the oxidation of phenylenediamines and of azo com-
pounds into quinone structures. The quinones serve as coupling components to
link with protein substances and thus act as antigens.
Cohen, Mayer and Criep (9) were able to sensitize guinea-pigs with intradermal
injections of 0.1 ml. of 0.1% paraphenylenediamine solution. The animals were
shown to be sensitive by patch tests to paraphenylenediamine ointment.
MUller (10) was able to experimentally sensitize humans with 2 % paraphenyl-
enediamine ointment and Polak and Mom (11) with 10% ointment.
Studies were therefore initiated with a view to bettering our understanding
of paraphenylenediamine sensitization of guinea-pigs, particularly since this
chemical has been reported not to be a primary irritant. Various concentrations
of paraphenylenediamine in petrolatum and in other bases were applied to guinea-
pig skin with a view to testing their allergenic and irritant effects. Substances
chemically related to paraphenylenediamine were also employed in order to test
their allergenic and irritant properties. All treated areas were excised and studied
histologically so that the inflammatory reaction was followed microscopically as
well as grossly.
EXPERIMENTS WITH PARAPHENYLENEDIAMINE
Paraphenylenediamine 2 % in Petrolatum
Four guinea-pigs received an application of 2 % paraphenylenediamine in
petrolatum to their left flanks on an area 1 cm. in diameter. There was no reac-
tion so a repeat application was administered 10 days later, again without reac-
tion. Since the pilot study showed no inflammation, the applications were then
administered daily five days of the week. By the seventh such application, 3 of
the animals manifested erythema in the treated area. After 10 such applications,
3 guinea-pigs showed erythema and infiltration whereas one was grossly negative.
Biopsies were performed on the treated areas. The animals that showed in-
flammation grossly had marked acanthosis, spongiosis and exocytosis. The dermis
contained, especially in the upper third an infiltrate of lymphocytes, large mon-
onuclears, eosinophiles and some polymorphonuclear leukocytes. Inflammatory
cells were also present in the subcutaneous fat. (Fig. 2a). The guinea-pig that
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was grossly without inflammation, microscopically showed a miki inflammatory
reaction with some acanthosis, exocytosis and a moderate cellular infiltration
of the upper cutis and of the subcutaneous fat.
A week later similar applications were begun on the right flanks of these an-
imals. Erythema was noted within a day on the animals which had previously
shown clinical inflammation but the previously grossly negative animal again
remained grossly negative. The applications were continued daily 5 days of each
week. Biopsies were performed after 7 applications and manifested reactions
histologically similar to those of the left flank.
Thus, through the clinically negative guinea-pig showed some inflammatory re-
action microscopically, it was not nearly so marked as the others. The possibility
of inflammatory reaction to the petrolatum base was considered (1, 12). The fact
that the 3 grossly inflammatory guinea-pigs developed erythema after only one
application in the second series whereas 7 such applications were necessary in
the first series was considered probably indicative of an allergic manifestation.
Paraphenylenediamine 30% in Petrolatum
In order to test the possible primary irritation propensity of paraphenylene-
diamine, a 30 % concentration in petrolatum was prepared. Petrolatum control
was applied 5 days of each week to a 1 cm. area of the left flanks of four guinea
pigs while 30 % paraphenylenediamine in petrolatum was applied similarly to
the left flanks of four other animals. Twenty-four applications were made. The
control animals showed no clinical alteration. Of the animals receiving paraphen-
ylenediamine, one developed erythema and infiltration on the fifth application
and another on the seventh. The left flanks of the two other guinea-pigs showed
no change and were considered clinically negative.
Upon histologic investigation, the control animals showed the slight acan-
thosis of 3—4 cells previously attributed to petrolatum. (Fig. ib). The two guinea-
pigs macroscopically erythematous, showed a moderate reaction with acanthosis
and a moderate dermal infiltrate with many polymorphonuclear leukocytes.
(Fig. 2b). The 2 clinically negative guinea-pigs were not microscopically negative
but also revealed acanthosis with a definite increase of dermal infiltrate.
A similar experiment was repeated with 30 % paraphenylenediamine in petro-
latum applied 5 days of each week to the left flanks of 7 guinea-pigs. Petrolatum
FIG. 1. (a) (X 150). Normal guinea pig skin. (b) (X 150). Slight acanthosis produced by
petrolatum.
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alone was applied similarly to the left flanks of 7 other animals. Crusted papules
were noted on the treated sites of all the paraphenylenediamine animals after 5
applications. No gross reactions were noted on the control animals. Biopsies were
performed after 30 applications. The paraphenylenediamine guinea-pigs micro-
FIG. 2. (a) (X 150). Severe acanthosis produced by 2% paraphenylenediamine in petro-
latum. (b) (X 150). Aeanthosis produced by 30% paraphenylenediamine in petrolatum.
(e) (X 150). Control reaction produced by 50% aqueous solution earbowax 1500. (d) (X
150). Acanthosis produced by 1% paraphenylenediamine in 50% aqueous solution carbowax
1500.
scopically showed marked acanthosis, intercellular edema and a polymorphous
dermal infiltrate. Several showed crusting and some also an infiltrate in the sub-
cutis. The petrolatum control animals showed much less reaction with 4 animals
completely negative and 4 showing some acanthosis.
Thirty per cent paraphenylenediamine in petrolatum was reapplied 5 days
per week to the left flanks of five guinea-pigs all previously positive to this dye.
A total of 13 applications were received. Positive reactions ensued in all, with
erythema and papulation on one by the third application, on 3 by the fourth
application and one by the thirteenth application. All animals microscopically
revealed an inflammatory reaction and three also showed crusting and ulcer-
ation. (Table I).
fi c..; '•-i.
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TABLE I
30% Paraphenylenediamine in Petrolatum
GP No. applications for grossinflammation in first series No. applications for grossinflammation in second series
280 5 13
281 5 3
245 5 4
246 5 died
262 5 died
263 5 4
284 5 4
285 5 died
As a result of this experiment, it was impossible to determine whether 30 %
paraphenylenediamine in petrolatum acted as an allergen or was an irritant.
Paraphenylenediamine 1 % in 50% Aqueous Solution of Garbowax 1500
Because of the confusion resulting from the previous experiment, an attempt
was made to employ paraphenylenediamine in a medium other than petrolatum
and in one which would permit more precise quantitative application; fifty per-
cent aqueous solution of carbowax 1500 was found to be an excellent solvent for
paraphenylenediamine and of such viscosity that it could be easily dropped on
the skin in rather precise amounts.
Pipettes were calibrated to deliver 0.04 ml. 0.003 ml. blow and touch. Four
guinea-pigs received to their left flanks 0.04 ml. 1 % paraphenylenediamine in
50% aqueous solution carbowax 1500 five days per week for 19 applications.
Similarly 4 control guinea-pigs received the same amount of 50 % aqueous solu-
tion of carbowax 1500 to their left flanks.
The carbowax solution controls developed no reaction grossly or microscopi-
cally. (Fig. 2c). Of the paraphenylenediamine-treated animals, 2 showed papule
formation by the ninth application and one showed papule formation by the
eighteenth application; one guinea-pig remained grossly negative. The paraphen-
ylenediamine positive animals revealed microscopically acanthosis, intercellular
edema and exocytosis with a moderate dermal infiltrate; one, grossly crusted,
showed crusting and abscess formation. The grossly negative paraphenylenedia-
mine guinea-pig showed little inflammatory reaction microscopically.
Several animals died but the remainder all now received 1 % paraphenylene-
diamine in 50 % aqueous solution of carbowax 1500 five days per week for 9 ap-
plications to their right flanks. Those animals previously exposed to paraphenyl-
enediamine reacted within fewer applications than the guinea-pigs previously
not exposed to it. (Table II). The microscopic studies confirmed the gross reac-
tions. (Figs. 3a and 2d).
Thus not all animals in contact with 1 % paraphenylenediamine in 50 %
aqueous solution of carbowax 1500 showed an inflammatory reaction. Further-
more, second applications resulted in a decrease of incubation period. These
were indicative of an allergic response.
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TABLE II
1% Paraphenylenediamine in 50% Aqueous Solution of Carbowax 1500
Gp No. applications for grossinflammation in first series
No. applications for gross inflammation in
second series
247 9 1
248 9 died
249 negative 9
250 18 6
251
252
253
negative actual first contact with9
negative paraphenylenediamine
FIG. 3. (a) (X 150). Acanthosis and abscess formation produced by 1% paraphenylene-
diamine in 50% aqueous solution carbowax 1500. (b) (X 150). Acanthosis and exoctyosis pro.
duced by 15% paraphenylenediamine in 50% aqueous solution carbowax 1500. (c) (X 150).
Negative reaction to 15% paraphenylenediamine in 50% aqueous solution carbowax 1500.
(d) (X 150). Intercellular edema and moderate acanthosis produced by 1% paraphenylene-
diamine in acetone.
Paraphenylenediamine 15% in 50% Aqueous Solution of Carbowax 1500
It was decided to increase the paraphenylenediamine in 50% aqueous solution
of carbowax 1500 in order to determine whether the dye was a primary irritant
at higher concentrations in this solvent. Fifteen per cent was found to dissolve
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easily ii' this diluent. Fifteen applications were administered, 0.04 ml. to the left
flanks of 5 guinea-pigs 5 days per week. Erythematous papules were noted on
the fourteenth application, on the thirteenth, on the fourth, and on the eighth,
respectively. One animal was negative after 15 applications. The four positive
animals microscopically showed acanthosis, intercellular edema, exocytosis and
infiltration in the dermis and subcutis. (Fig. 3b). One guinea-pig grossly crusted
showed in addition crust formation and marked acanthosis. The grossly negative
animal was negative microscopically. (Fig. 3c).
Two weeks later the same procedure was employed for 6 applications on the
right flanks of the same guinea-pigs. The previously positive animals showed an
inflammatory reaction more quickly and the negative guinea-pig showed no
reaction clinically or histologically. The animal with the severest reaction in the
original series of applications again manifested the severest reaction grossly and
microscopically. (Table III).
The earlier appearance of inflammation in the second series of applications is
consistent with an allergic reaction. The fact that one guinea-pig remained neg-
ative grossly microscopically through both series of applications would appear
to rule out primary irritation of paraphenylenediamine in guinea-pigs at this
concentration and in this solvent.
Paraphenylenediamine 1 % in Acetone
Since organic solvents have been used in experimentally induced contact der-
matitis in animals, a 1 % solution of paraphenylenediamine in acetone was pre-
pared. 0.04 ml. each was applied 5 days per week by the drop technic to the
left flanks of 3 guinea-pigs. Erythematous papules were noted on one by the
seventh application and on the other 2 by the ninth application. Biopsies were
performed after the t\velfth application and showed hypergranulosis, moderate
acanthosis, intercellular edema and exocytosis, and infiltration of lymphocytes,
large mononuclears, polymorphonuclear leukoeytes and eosinophiles in the upper
third of the cutis. (Fig. 3d).
The same procedure of applications was then repeated on the right flanks of
these animals. Erythema was noted after the fourth application. Biopsies were
performed after 7 applications. The histologic picture was the same as previous-
ly noted. (Table IV).
TABLE III
15% Paraphenylenediamine in 50% Aqueous Solution Carbowax 1500
C,p
No. applications for inflammation
in first series
No. appticatioos for inflammation
io second series
255 14 4
256 13 4
257 4 4
258 8 1
259 negative negative
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TABLE IV
1% Paraphenylenediamine in Acetone
c' No. applications causing inflammationin first series No. applications causing inflammationin second series
236
237
239
9
9
7
4
4
4
In general the acanthosis caused by this dye in acetone was not so great as
that produced when incorporated in petrolatum. On the other hand, the acetone
solution of paraphenylenediamine caused more intercellular edema of the epi-
dermis and more dermal cellular infiltration when petrolatum was the base.
Since in the second series of applications, inflammation appeared earlier, it was
probable that this reaction was one of allergy.
1 % Aqueous Paraphenylenediamine Dihyrochloride Solution
Paraphenylenediamine dihyrochloride was dissolved in distilled water to make
a 1 % aqueous solution. The solution was yellowish when fresh, turned brown
in 5 days and was jet black by the eleventh day. It was very acid to litmus. It
was applied daily for 5 days of each week to the left flanks of 3 guinea-pigs for
8 weeks. No inflammatory reaction was noted grossly; there was merely brown
staining of the treated zone. Histologic study at the end of 8 weeks' application
disclosed only a slight inflammatory reaction. (Fig. 4a).
NH•HCI
Paraphenylenediamine
dihydrochloride
NH. HC1
It would appear that the hydrochloride salt of paraphenylenediamine is neither
an allergen nor an irritant to guinea-pig skin. This salt, cannot combine to form
quinhydrone compounds because of the hydrochloride attachments. This ap-
pears to give further substance to the thesis of Mayer who (3) in addition has
reported a proven paraphenylenediamine-sensitive patient negative by patch
tests to paraphenylenediamine hydrochloride salt.
Paraiodoaniline
Paraiodoaniline is a compound chemically closely related to paraphenylene-
diamine, yet one which cannot be converted to a quinhydrone configuration be-
cause of the presence of the halogen grouping.
One percent paraiodoaniline in acetone was applied to the left flanks of 4
guinea-pigs 5 days per week by the drop method. After 26 applications no evi-
dence of erythema or infiltration had appeared. The biopsy results were all
normal. (Fig. 4b).
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FIG. 4. (a) (X 150). Negative reaction to 1% aqueous solution of paraphenylenediamine
dihydrochloride. (b) (X 150). Negative reaction to 1% paraiodoaniline in acetone. (c)
(X 150). Acanthosis produced by 1% quinonechloroimide in petrolatum. (d) (X 150).
Negative reaction to 0.1% qurnonechloroimide in petrolatum.
Two percent paraiodoaniline in petrolatum was applied to the left flanks of
5 guinea-pigs, and petrolatum alone to the left flanks of 4 other animals 5 days
per week. After 21 applications, 2 of the paraiodoaniline and 2 of the petrolatum
control guinea-pigs showed erythema and scaling. The 4 animals which grossly
showed erythema and scaling revealed slight acanthosis and one showed inter-
cellular edema. All of the remaining animals were microscopically negative.
In view of the lack of difference between the paraiodoaniline and the control
animals, no evidence of allergenieity could he ascertained here.
I NH200
NH2 NH2
Paraiodoaniline Paraphenylenediamine
Here again a quinhydrone configuration cannot take place because of the pres-
ence of the halogen group. 1\/Iayer has postulated that in this group of chemicals,
B
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only the quinhydrone type of compound is responsible for sensitization. This
experiment lends further evidence in support of this hypothesis.
Quinonechioroimide 1 % in Petrolatum
Another compound closely related to paraphenylenediamine was studied. One
per cent quinonechloroimide in petrolatum was applied daily to the right flanks
of 5 guinea-pigs—-all previously exposed to paraphenylenediamine. Similar ap-
plications were made on 6 guinea-pigs——none of which was previously exposed
to paraphenylenediamine. After 5 applications, 4 animals previously exposed to
paraphenylenediamine showed at the sites of application, crusting, scaling and
infiltration whereas one was stained black but not infiltrated or crusted. Of those
animals previously not exposed to paraphenylenediamine, 4 were infiltrated and
stained, one was stained black but was not infiltrated, and one was negative.
Histologic investigation showed that all quinonechloroimide-treated animals
previously exposed to paraphenylenediamine including the grossly negative one
showed varying evidences of inflammation with acanthosis, intercellular edema,
dermal infiltrate and in some instances crusting. Of those guinea-pigs not pre-
viously exposed to paraphenylenediamine, an inflammatory reaction evidenced
by acanthosis and increased dermal infiltration was noted in three (Fig. 4c). The
2 grossly negative guinea-pigs and also one which showed staining and infiltra-
tion but no crusting were microscopically negative.
The interpretation of this experiment is difficult. It is possible that quinone-
c.hloroimide 1 % in petrolatum is a primary irritant because of the quick inflam-
matory reaction in 3 animals never previously exposed to either quinonechloro-
imide or to paraphenylenediamine. On the other hand, 3 other animals were
negative, lending support to the thesis of sensitization. The fact that all animals
previously exposed to paraphenylenediamine reacted within 5 applications to
quinonechioroimide with inflammatory reaction may be interpreted either as
evidence of cross-sensitization to paraphenylenediamine, direct sensitization to
quinonechloroimide, or as evidence of primary irritation.
Quinonechioroimide 0.1 % in Petrolatum
Because of the confusion engendered by the previous experiment, it was de-
cided to use a decreased concentration of quinonechioroimide. Four guinea-pigs
were treated on their left flanks with 5 applications per week with 0.1 % quinone-
chioroimide in petrolatum. At the end of 9 applications, each animal presented
a brown stain on the area of application. Microscopically, 3 of the guinea-pigs
showed no evidence of inflammatory reaction, but one showed acanthosis, spon-
giosis, exocytosis and a moderate dermal infiltrate.
It was possible therefore that quinonechioroimide in 0.1 % concentration could
act as a sensitizer, though the possibility of a petrolatum reaction in the positive
case has to be considered. In any event it was probably not a primary irritant.
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NC1
Quinoneehioroimide
(p-benzoquinone monochioroimide)
Experiments with Quinonechioroimide and Paraphenylenediamine
The next experiment was pursued in order to determine whether there was any
contact allergenic relationship between paraphenylenediamine and quinone-
chloroimide.
Six guinea-pigs received 2 % paraphenylenediamine in petrolatum for 27 ap-
plications to their left flanks 5 days per week. Similarly the left flanks of 6 guinea-
pigs received applications of petrolatum only. Of the paraphenylenediamine-
treated animals, one showed erythema and papulation by the tenth application
and another an erythematous plaque by the tenth application. The other para-
phenylenediamine-treated animals showed nothing but staining. All the petrola-
turn-treated controls remained clinically negative. Two animals died during the
experiment.
Microscopically, of the positive paraphenylenediamine animals, one disclosed
acanthosis, intercellular edema, exocytosis and an increased polymorphous in-
filtrate; the other showed slight acanthosis. The negative paraphenylenediamine
animals were negative microscopically as were the petrolatum control animals.
0.1 % quinonechloroimide in petrolatum was applied to the right flanks of the
remaining living animals 5 days per week for 9 applications. Only staining was
noted grossly and all were negative microscopically. (Fig. 4d).
The results of this experiment would appear to show that there was no aller-
genic relationship between paraphenylenediamine and quinonechloroimide. The
fact that 9 applications of quinonechloroimide 0.1 % in petrolatum administered
to 4 guinea-pigs caused histologic evidence of inflammation in only 1 animal
would appear to show that in this concentration and base, quinonechioroimide
is not a primary irritant. When this same compound in the same concentration
was applied to 2 paraphenylenediamine-sensitized guinea-pigs and 3 negative
animals, no reaction ensued.
These results also support Mayer's thesis concerning the importance of a
quinhydrone configuration of these compounds in order to promote sensitization.
Quinonechioroimide is unable to combine to form such a compound, and there-
fore there is no similar basic allergizing chemical structure.
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NC1
Quinonechioroimide Paraphenylenedi amine
COMMENT
Despite the dissimilarities between animal and human skin, experimentally
induced allergic contact dermatitis of animals can probably teach us much a.bout
human contact-type eczematous dermatitis. It is important, however, to make
sure in this regard that the contact dermatitis induced in animals is strictly al-
lergic and not one of primary irritation. The epidermis of such experimental
laboratory animals as the rat, mouse, guinea-pig and rabbit is indeed quite thin
so that chemicals which are not primarily irritating to the relatively thicker
human skin may be irritating to animal skin.
In proper concentration, dinitrochlorobenzene, the chemical most commonly
used in experimental contact dermatitis of animals, has been found to be a pri-
mary irritant; this compound therefore is not an ideal substance to be used in
the study of allergic dermatitis. Paraphenylenediamine is a clinically recognized
contact allergen in humans with immunological relationships to azo dyes, sulfon-
amides, paraaminobenzoic acid, local anesthetics and other substances (13). It
has been found previously by a number of workers to produce experimental con-
tact dermatitis in guinea-pigs and has also been reported not to he a primary
irritant in any concentration. Studies were therefore undertaken to study this
and related chemicals in regard to contact dermatitis in guinea-pigs.
Unfortunately the criterion of sensitization is a most difficult one and one finds
border-line reactions which defy a clean-cut analysis between sensitization and
irritation. Since antibodies in the skin, blood serum or elsewhere cannot easily
be demonstrated, one must rely to a great extent on a decrease of the incubation
period in the challenging series of exposures. In addition, the finding of one or
more guinea-pigs that are adequately exposed to a chemical, yet do not develop
an inflammatory reaction grossly or microscopically, is additional evidence in
differentiating sensitization from irritation. An additional aid is the semiquan-
titative estimation of the inflammatory reaction produced. Thus a highly sen-
sitized animal would be expected to develop much more severe inflammation on
each series of exposures to the same chemical than a guinea-pig of less sensitivity
to the same substance. On the whole these criteria of sensitization were met suc-
cessfully with paraphenylenediamine. When 30 % in petrolatum was used, how-
ever, the reaction could be interpreted either as irritation or as sensitization.
Mayer's hypothesis that the oxidation products of paraphenylenediamine
are the cause of sensitization to paraphenylenediamine was confirmed. Such
closely related chemicals as paraphenylenediamine dihydrochioride and paraio-
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doaniline caused no inflammation of the skin. Quinonechioroimide which in
proper concentration did cause an inflammatory response, showed no cross-sen-
sitization with paraphenylenediamine. None of these substances is oxidized to
quinhydrone, the maj or oxidation product of paraphenylenediamine.
Every effort should be made to use contactants as quantitatively as possible.
The use of petrolatum or any other ointment does not facilitate comparative re-
actions because it is difficult to measure out an ointment. In addition, petrolatum
itself can produce an inflammatory reaction in guinea-pig skin. Fifty per cent
aqueous solution of carbowax 1500 was found to be a semi-viscous liquid, easily
measured and one which of itself caused no inflammation. It proved to be an
excellent solvent for paraphenylenediamine and probably would be for other
chemicals in the study of experimental contact dermatitis.
Too much stress cannot be put on the importance of histologic study of every
area treated. Sometimes inflammation cannot easily be seen grossly but is present
microscopically. This approach was found to be a valuable check on the gross
reaction. Histologic study, however, did not help in differentiating the irritant
from the allergic types of contact dermatitis as shown previously with dinitro-
chlorobenzene (1, 14).
SUMMARY
Experiments were performed in an attempt at better comprehension of exper-
imental contact dermatitis of guinea-pigs produced by paraphenylenediamine.
Two per cent paraphenylenediamine in petrolatum caused a dermatitis which
was probably one of allergy. When 30 % of the dye in petrolatum was used, it
was difficult to determine whether the inflammatory response of the skin was
evidence of allergy or of primary irritation. Paraphenylenediamine dissolved
in concentrations of 1 % and of 15% respectively, in 50% aqueous solution of
carbowax 1500 produced an allergic reaction. A similar effect was noted with
paraphenylenediamine 1 % in acetone. The criterion of sensitization was to a great
extent the finding of a decreased incubation period in the challenging series of
exposures.
Several compounds related to paraphenylenediamine but which are not oxi-
dized to quinhydrone were also applied to guinea-pig skin. The hydrochloride
salt of paraphenylenediamine and also paraiodoaniline caused no inflammatory
reaction. Quinonechioroimide 0.1 % in petrolatum caused no inflammatory re-
action but the 1 % concentration did. No allergenic (cross-sensitization) rela-
tionship could be demonstrated between paraphenylenediamine and quinone-
chloroimide.
These results fit in well with Mayer's hypothesis that the oxidation products
of paraphenylenediamine are the cause of sensitization to paraphenylenediamine.
They also show that paraphenylenediamine is suitable for experimental allergic
study of contact dermatitis because primary irritation reactions occur if at all
in only very high concentrations of the dye.
Fifty per cent aqueous solution of carbowax 1500 was an excellent solvent for
paraphenylenediamine and is a useful medium for applications to animal skin.
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AU applications were accompanied by paired controls. Biopsies \vere performed
on all test sites.
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DISCUSSION
DR. R. L. MAYER (Summit, N. J.): Dr. Zeligman's beautiful pictures preseDt
indeed the best examples of an experimental eczema, and constitute a confir-
mation of what I have just discussed on Dr. Baer's paper. What is the reason
for the fact that paraphenylenediamine is such a strong acanthosis and sensiti-
zation producing agent? I believe the reason is that the oxidation products formed
in the skin from paraphenylenediamine rapidly and strongly combine in the
epidermis itself with precursors of collagen or keratin, and are fixed within the
basal cells. Here they act as strong cell stimulants. The collagen-hapten complex
forms antibodies of the delayed type of sensitization. We are just doing experi-
ments in which we inject into the peritoneum of guinea pigs antigens prepared
by combination of haptens with pro-collagen and are able to produce in this way,
by circumventing the skin, hypersensitivities of the delayed type.
DR. RUDOLFL. BARE (New York, N. Y.): I just want to remark on one point—
the question of acanthosis produced by petrolatum. Three years ago an excellent
study was published by Schaaf and Gross to the effect that various commonly
prescribed dermatologic vehicles have different degrees of acanthogenic capacity.
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This might be of the greatest practical importance, not only with respect to sus-
ceptibility to sensitization, but also with respect to the therapeutic effects we
are seeking to achieve with topical medicaments.
DR. HERMANN PINKUS (Detroit, Michigan): What is the mechanism of the
acanthosis that is being produced? It is obvious that more cells are present in
the epidermis, but is that due to increased proliferation or to longer life span of
the cells?
DR. R. L. MAYER (Summit, N. J.) I believe that the increase in the number of
cells in the epidermis after treatment with paraphenylenediamine is due to in-
creased proliferation of the basal cells and not to a longer life span of the indivi-
dual epidermal cell. If paraphenylenediamine is brought into the skin, clumps
of pigment are found in the basal layers of the epithelium. These clumps are
transported toward the stratum corneum with great rapidity, much more rap-
idly than normal pigment. At the same time, many atypical epithelial cells are
formed which proliferate in all directions.
DR. ISRAEL ZELIGMAN (in closing): I appreciate the remarks of the discussors
and was pleased that Dr. Mayer was here to answer Dr. Pinkus's question.
Dr. Baer made the interesting point that maybe the production of acanthosis
by petrolatum and other vehicles is important clinically and therapeutically.
I should like to add that acanthosis can be produced by chemicals other than
paraphenylenediamine. As shown in a previous study (Zeligman, I.: Experi-
mental contact dermatitis. I. Dinitrochlorobenzene contact dermatitis in guinea
pigs, J. Invest. Dermat., 22: 109—120, 1954) dinitrochlorobenzene by repeated
applications can cause similar acanthosis.
